In music search and recommendation methods used in the present time, a general filtering method that obtains a result by inquiring music information and recommends a music list using users' profiles is used. However, this filtering method presents a certain difficulty to obtain users' information according to their circumstances because it only considers users' static information, such as personal information. In order to solve this problem, this paper defines a type of context information used in music recommendations and develops a new filtering method based on statistics by applying it to a content-based filtering method. In addition, a recommendation system using a content-based filtering method that was implemented by a ubiquitous computing technology was used to support service mobility and distribution processes. Based on the results of the performance evaluation of the system used in this study, it significantly increases not only the satisfaction for the music selection, but also the quality of services.
INTRODUCTION
The amount of multimedia data that is processed by users has exponentially increased since the development and popularization of the
Internet. An increase in multimedia data presents difficulties in searching information within a user's desired time frame, which currently exceeds the limitation of data processing time for an individual user.
In order to solve these problems, a music search system that only provides the results of queries by rank using music information in a web environment has largely been used in the past and at the present time. Although a music search system has the advantage of being easily implemented, it may produce unwanted worthless information due to the exclusion of a user's interests and becomes a reason for a decrease in user satisfaction. In recent years, a recommendation system has been actively studied that predicts and recommends only information requested by a user. Various filtering methods are used in this recommendation system in order to estimate a user's preferences. For instance, a recommendation system using filtering methods have been used in some search engines such as Yahoo, Amazon online bookstore, and CDNow Internet shopping mall and have been well received by the user.
In this recommendation system, the similarity between the content of an item and user information was measured to recommend information desired by the user, and a content-based filtering method that based the rank on this measurement was also used. However, the recommendation of multimedia data is still limited [1] and is not highly reliable due to filtering only being based on static information. In particular, with a music recommendation system in the present web service environment, it is difficult to exactly recommend music that is desired by users because real-time context information like weather significantly affects a user's music selection.
Thus, this paper attempted to design a content-based music recommendation system (CBMRS) that is able to recommend music according to a user's interests and conditions by applying context information to a content-based filtering method. In order to apply context information to the CBMRS, data regarded as a factor in music selection was configured as context information and was based on ontology. In addition, data obtained using various sensors and an Radio Frequency Identification (RFID) Tag based on Open Service Gateway Initiative (OSGi) could be recognized as exact context information through an ontology database and inference engine. The recognized context information in this process could be used in a content-based filtering process based on statistics and also applied to provide a recommended list that was well received by the user. The system used in this study consisted of three large sections; a Context Manager section, Service Manager section, and Music Recommendation Manager section. The usefulness and results of this recommendation system satisfies a large number of persons in the results of the performance evaluation of the system used in this study.
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CONTENT-BASED FILTERING USING CONTEXT INFORMATION
This system defines contexts to recommend music by considering surrounding contexts and user information and configures a music list using a content-based filtering method. The content-based filtering used in a recommend process first configures a list by searching the music that corresponds to user preferences and user information from a Music Content Information Database (MCIDB) and builds an initial profile using this list.
The initial profile can be updated using the music title selected by users and the context information recognized in an OSGi environment in a music service. This profile is statistically analyzed and recommends a music list that corresponds to the context information from the MCIDB when a user inquires about a music service.
Configuration and Definition of Context Information
The definition of contexts created by Brown, defined information for a users' location or surroundings [2] . Brown's definition is an accurate method to develop application services, used to configure and determine proper context for a music recommendation service in this system. This system determines the following factors which affect music selection: user sex, age, temperature, and weather before the configuration and determination of context.
The configuration of context information for the CBMRS consists of user information (sex, age, pulsation), weather, and outdoor temperature. In addition, user location information in the home is configured as context information. This allows a music recommendation service to employ certain applications regardless of the user's location in the home. Table 1 presents the definition of context information as different spaces, such as class 2 for sex, class 5 for age, class 4 for pulsation, class 4 for temperature, class 7 for weather, and class 6 for location information. In particular, a pulsation below 40 or above 181 is defined as a dangerous condition to generate an event because the average pulsation of an adult is about 65~120. In addition, the service area is limited to homes, and the users' location is limited to the Balcony, Bathroom, Guestroom, Kitchen, and Living-room.
This system was implemented the ubiquitous network based on an OSGi framework in order to acquire automatic sensing datas. User information, temperature, and location information can be input from sensors based on OSGi framwork. User sex, age, and location information can be traced using an RFID Tag which is attached to a user's watch, and pulsation information can be obtained from a pulse sensor which is attached to a user's watch through real-time Zigbee communication. However, although weather information is predefined as ontology, its data can be established as a database retrieved from the Internet. The context of the CBMRS based on the context information used in this study is defined as Web Ontology Language (OWL) that is used on a Semantic Web in order to configure and express exact contexts and various relationships. Fig. 1 presents the hierarchy of OWL classes. 
Content-based Filtering Based on Statistical Method
At the present time, the filtering methods used in recommendation system are rule-based filtering, learning agent, content-based filtering, and collaborative filtering methods.
A rule-based filtering method identifies the preference of users and provides recommendations by connecting items to the characteristics of that
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item. The rule used in this method is predefined by experts. This method is effective with an item that has a high unit price and complicated characteristics. A content-based filtering method keeps the information related to items and recommends these items to the user who inputs a keyword, which is related to the property of the information. This method has been largely used in the field of information search [3] . A collaborative filtering method establishes a database according to the item preference of users and searches neighbors that have similar preferences when a new customer appears. In addition, the item that a neighbor is interested in is recommended to the customer under the assumption that the customer will be interested in the item [4] .
This system remembers and creates a profile based on a selected item and context information when users are faced with specific context. In addition, when a user requires a recommended service, this system recommends a similar item to the user's former selection based on this profile. Thus, among previously mentioned filtering methods, a content-based filtering method can be used to configure a recommendation list.
To establish a Music Content Information Database (MCIDB), an automatic establishing method in web documents and user input methods were used. In an automatic establishing method, web documents can be extracted by a web robot agent. In addition, a database can be built using the analysis of morphology. Table 2 shows the recorded value of the 'Winter Rain' in the MCIDB in which the key word was obtained by analyzing the song title using a morphological analysis. The earlier profile was configured as a title selected by the user according to the weather, temperature, and recommended ages from a music content information database. This means that context data, such as weather, temperature, and age profiles, could be obtained. Furthermore, a type of query profile is an additional profile configured using a music list which is selected from specific context. The query profile used in this profile becomes a selected music list according to the specific context of a user. For example, the profile can be automatically configured with the selected music list when context is presented as snow-cold-young_adult-normal. A profile can be produced according to a user's selected item for each context data set.
The recommendation method used in this system is as follows: First, the frequency of words reappearing can be calculated using a morphological analysis method for a profile that corresponds to context information when a user requires a recommended service. For instance, if the context information is assumed to be snow-cold-young_adult-normal when a user requires a recommended service, the frequency of words reappearing can be calculated by analyzing the morphology of snow, cold, and young adult profiles. The frequency of a specific word reappearing can be expressed as
where i W is the ith word in a specific profile,
is the total appearance number of i W in the profile, and N is the total word in the profile except for the duplicated word.
Second, this method searches for the word that appears most frequently with each profile and song title, which coincides with the key word in the MCIDB and configures a list based on the results of these searches. Third, it combines these results into a single list excluding duplicate song titles. Fourth, it configures the priority of the list. In this process, the morphology of the query profile (snow-cold-young_adult-normal profile) that corresponds to the context information is analyzed and the word that appears with the highest frequency is extracted. In addition, a new list is configured according to the priority of the music, which coincides with the extracted key word from the query profile in the previously configured list. Moreover, music selected by users can be recorded in an inquiry profile, context data profiles and that be used as an accurate music list according to the repetition in selections.
SYSTEM DESIGN AND IMPLEMENTATION
This chapter designed and implemented the CBMRS that was able to recommend proper music by estimating context information in a Java-based OSGi framework using the context definition and filtering method proposed in Chapter 2.
The system proposed in this study developed an OSGi gateway using the Knopflerfish 1.3.3, an open architecture source project which implemented a service framework. The OSGi is a type of industrial standard proposed by an OSGi organization in order to establish a standard connection method for
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Internet devices, such as household information devices and security systems. It is JES-based gateway software, which is an open architecture Java embedded server able to provide high quality multimedia services with a high security level regardless of platform application software. In particular, it is an open architecture network technology that can support various network techniques, such as Bluetooth, Home Audio/Video Interoperability (HAVi), Home Phoneline Networking Alliance (PNA), Home Radio Frequency (RF), Universal Serial Bus (USB), Video Electronics Standards Association (VESA), and other networks [5] . Fig. 2 presents the diagram of the overall system. The CBMRS designed in this paper analyzed and suggested various data transferred from context recognition sensors and established it as information to recommend proper music through a filtering process for user profiles and MCIDB. In order to perform this process, the CBMRS consisted of a Context Manager, Service Manager, and Music Recommendation Manager. The Context Manager transfered data generated by events (sensing) to a context analyzer and that data was transfered to an OWL inference engine. The OWL inference engine transferred data received from the context manager to the Service Manager in which data was transformed as information using an OWL inferencer including OWL ontology object DB.
The Inference Engine in the Context Manager used an ontology inferencer Jena 2.0.
The Service Manager consisted of a Bundle Service that provided music recommendation service as a bundle in a Simple Object Access Protocol (SOAP) Service, OSGi framework installed device in order to transfer information received from the OWL inference engine to the music recommendation system, and an Application and Bundle Manager Service that supported the management of the mobility of bundles. Communication between the Context Manager, Music Recommendation Manager, and Music Service can be performed using the SOAP Service. This service makes possible a real-time process in music recommendation service using the context information between different systems. The Bundle Manager Service automatically manages Bundles and supports service mobility. Service mobility in a music recommendation system means that service is not interrupted by a different device that has an OSGi middleware even though a user's location has changed.
The Music Recommendation Manager played a role in the decision of an optimal music recommendation list in a recommendation module by applying the recommendation list that corresponded to certain context information received from the Service Manager with the user profile and MCIDB to a filtering process in a recommendation module. The Query Manager analyzed the context information received from the Service Manager, selected a proper profile according to user context information, and transfered it to the Recommendation Module. In addition, it performed an updating process for the music selected by users in the User Profile. The Recommendation Module performed the Morpheme analysis of the profile received from the Query Manager and configured a recommendation list by searching music from the MCIDB. The configured music list was ranked by the Recommendation List Decision and that was transferred as a new list to the Interface Module. The new list was then transferred to the Application through the SOAP Service.
EXPERIMENT
This chapter tested whether user and context information is correctly recognized in an OSGi framework and whether a proper recommendation music list was provided by transferring this information to the Music Recommendation Manager in order to verify the CBMRS proposed in this study. The test environment consisted of the Context Manager and Service Manager as a bundle in an OSGi gateway on a home network in which the Music Recommendation Manager was implemented on a desktop Personal Computer (PC). In addition, the MCIDB consisted of 300 pop songs. Fig. 3 presents the output of context information produced by the Context Manager. The output was able to recognize the information as that of user Jong-Hun: age is Adult, sex is male, pulsation is normal, weather is snow, temperature is cold, and location is Guestroom. The transferred context information was used to make a proper music recommendation list for user context through the Music Recommendation Manager and was output to the PC in the Guestroom. In the paper, survey is used to evaluation of system. 50 users participated in system estimation. Users responded by value to 1 -5 on question of table 3. Table 3 showed that user's satisfaction for system is high on the whole. 
CONCLUSIONS AND FUTURE WORK
A music search and recommendation system that uses the conventional music search and recommendation method performs music search and recommendation by analyzing certain information that is passively received from users. This method presents a difficulty in a proper searching result for users' circumstances. Also, it has some problems that have to receive a lot of expressions from users in order to increase the satisfaction of users. This paper actively obtained and recognized user context information and designed a Content-based Music Recommendation System (CBMRS) that is appropriate to the user using the recommendation and inquiry of the contentbased music recommendation system. The context introduced in this study was defined as ontology in order to use it as context information. In addition, a content-based filtering method, which was based on a statistical method, was developed. Also, this system was designed based on an OSGi framework in order to provide services without any interruptions wherever and whenever in a home network and that increased user satisfaction.
As a future study, a new filtering method that considers user information to solve a specialization trend, which doesn't exceed the limited preferences of the CBMRS, is required. Finally, a middleware that is able to perform music recommendations and services without any interruptions to other services by considering a users various context information in a home network, is also necessary.
